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Brief Communication

The mesoparasitic copepod Pennella balaenopterae and its
significance as a visible indicator of health status in dolphins
(Delphinidae): a review
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of other copepods generally involves intermediate hosts,
the intermediate host for P. balaenopterae and the
number of moults required to reach the infective
immature stage are unknown (21). Very little
information is currently available on this parasite,
particularly on its life history traits. It is known to
survive in cold waters and significant information on its
morphometry and anatomy has been published (1, 7,
24).
P. balaenopterae is a sexually dimorphic species
and the female undergoes morphological changes at
different stages of infestation. Only fertilized females
parasitize cetaceans (5). Three main body parts (Figure
1) have been described: the cephalothorax, trunk, and
abdomen (1). However, the morphological
characteristics of the cephalothorax, apical papillae, and
holdfast horns are inconsistent among this species and
can even vary substantially between specimens of a
single species (19). For example, the number of holdfast
horns can be either 2 or 3, with higher numbers
corresponding to greater embedding ability. This
variation in horn number appears to be associated with
the need for greater grip, based on observed differences
in the levels of host penetration (1). Furthermore,
differences in the lengths of the abdomen and trunk vary
depending on the age of the parasite. Adult copepods
have photoreceptors and antennae, or so-called
cephalothoracic papillae, which have different shapes
and outlines at the anterior end (19). The length and
thickness of the first antenna were initially considered
useful characteristics to distinguish between the two
copepod species P. balaenopterae and P. filosa.
However, recent studies have shown results obtained
using these variables as a species indicator may be
ambiguous (19). In the mature parasite, the function of
the second antenna is not clear, although it may be of
use during attachment in the infective stage of the

Abstract
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the integument of members of dolphins (Delphinidae) and baleen
whales (Balaenopteridae). This mesoparasite appears as a tag or
filament hanging from the host’s skin and is detectable even in freeranging cetaceans. Under normal conditions, penellid infestations
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Introduction
The mesoparasitic copepod Pennella
balaenopterae, identified by Koren & Danielssen in
1877, has a broad biogeographic distribution. It has been
found in the waters of Iceland, the Northeastern Atlantic
Ocean, the Mediterranean Sea, the Antarctic, and the
Northern Pacific (1, 5, 12, 15, 24, 29). The sei whale
(Balaenoptera borealis) and the minke whale
(Balaenoptera acutorostrata) are the most common final
hosts of P. balaenopterae. Nonetheless, infestation can
also occur in dolphins, such as the striped dolphin
(Stenella coeruleoalba), and has been reported in the fin
whale (Balaenoptera physalus) and rarely in pinnipeds
(5, 12, 14). Thus the baleen whales and dolphins are the
most common hosts reported to suffer these infestations.
Pennella balaenopterae (length, 8–32 cm) is the
largest mesoparasite detected in the body tissue of
cetaceans and is the only recorded copepod species that
parasitizes marine mammals (1). Although the life cycle
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P. balaenopterae as a visual indicator of health status
in cetaceans
Monitoring the health of wild, free-ranging
cetacean populations is challenging, particularly when
live-capture options and laboratory resources are not
available or are limited. In contrast, the recording of the
numbers of skin parasites and their marks from a
distance could be a useful and simple tool to obtain a
rapid gross visual appraisal of health in free-ranging
cetaceans if a correlation exists between numbers of
visible parasites and overall health. Studies involving
photographic assessments of skin disorders in cetaceans,
such as common minke whales and white-beaked
dolphins, have demonstrated that the dolphins can
present clearly visible skin tattoos and keloidal lesions
caused by poxviruses and lobomycosis (also known as
lacaziosis) respectively (7, 10, 31).
Determining the biogeographic distribution of
skin diseases can also be achieved with the use of
photography, as revealed in studies conducted along the
west- and east-central coasts of Florida. Photographic
records of dolphins were utilized for health assessment
in certain dolphin populations (10, 23, 31). P.
balaenopterae infestation has the potential to also be
valuable in helping researchers establish dolphin health
status. Long-term, cumulative tendencies of P. balaenopterae infestation can be associated with a challenged
dolphin’s immune system. Under normal conditions,
infestation is represented by only a few parasites (Figure
2). However, research has shown that a large number of
epizootic crustacean infestations (Figure 3a, 3b) may be
associated with debilitating viral infections (4, 5). One

Figure 1: Pennella balaenopterae . A: general view of a
specimen; B: ventral view of the cephalothorax and swimming legs;
C: dorsal view of the cephalothorax showing cuticular
structure (arrow); D: abdominal plumes with different level of
branching (a: abdomen; c: cephalothorax; n: neck; o: ovisacs;
t: trunk). Reproduced with permission.

copepod (1).
When the parasite first attaches to the host, it
undergoes two phases of growth: growth of the anterior
end and growth of the posterior end (used for
reproduction). The posterior loose end of the gravid
female has a visible, long, string-like ovisac (1). In P.
balaenopterae, only the first naupliar stage (i.e. the
free-swimming larval stage) and the adult female stages
have been identified with certainty (24).
Although P. balaenopterae can infect dolphins and
baleen whales, reports of infection in dolphins have
increased in recent years and thus more data are
available for them. Therefore, this review focuses on
Pennella infections in dolphins and their possible utility
as a general indicator of health status.

Figure 2: Common minke whales with few parasites of P.
balaenopterae, identified by red circles. Reproduced with
permission Marie Louis/University of Iceland, Faxafloi Cetacean
Research.
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observed, but only in the epizootic sample. Both patterns
are compatible with the hypothesis that there was a short
-term increase in the probability of infestation of these 2
species because of the sudden rise in the population of
susceptible hosts (Table 1). The susceptibility was likely
caused by the immunosuppressive effects of viral
infection and the abnormally heavy loads of
polychlorinated biphenyls which were detected in
debilitated dolphins (5).
Other studies have demonstrated that most of the
cetaceans found stranded on Italian coasts between 1990
and 1997 had skin lesions due to P. balaenopterae
infestation (13, 32). This apparent increased
vulnerability to P. balaenopterae infestation has been
associated with the immunosuppressive effects of viral
infections and the unusual heavy loads of pollutants
found in debilitated dolphins. During the morbillivirus
outbreak, substantial depletion of lymphoid tissue was a
common finding in the analysed specimens (13). Several
dolphin specimens also contained high levels of
polychlorinated biphenyls, which are known to be a
major contributing factor to immunosuppression (2, 5).
During post-mortem visual examination and
surgical removal of the parasite, some characteristics and
morphological variations of the holdfast horns of P.
balaenopterae were representative of resistance
encountered in the host. Specifically, the shape and
length of holdfast horns can vary. When P.
balaenopterae resides in a cetacean’s soft blubber, its
lateral horns are very long, whereas when it is found in
the dense muscular layer below the blubber, its horns are
relatively short (19). It is not clear whether there is a
correlation between the host’s immune reaction to the
parasite and the length of its holdfast horns. However,
successful infestation is an indication of the ability of P.
balaenopterae to bypass the host’s immune system,
thereby embedding the anterior end completely into the
host tissues. The parasite probably perforates the host’s
skin with the second antennae during the copepodid
phase. Infestation progresses and anchorage of the
anterior end is increased through the growth and grip of
the holdfast horns. The cephalothorax of P.
balaenopterae penetrates into the blubber, bypassing the
host innate immune reaction and establishing an
effective infestation. In some stranded cetaceans,
granulomatous processes and secondary infections have
been detected at the site of P. balaenopterae infestation.

a

b

Figure 3: (a) View from lateral aspect of a heavily parasitized
Risso’s dolphin (Grampus griseus) from the Western
Mediterranean; (b) Close-up of in situ individuals of P.
balaenopterae from the heavily parasitized Risso’s dolphin from
the Western Mediterranean. Reproduced with permission from the
Marine Zoology Unit, University of Valencia.

example is the high mortality reported in a cetacean
morbillivirus outbreak in the 1990s in the western
Mediterranean Sea. In the affected species, striped
dolphin infestations of P. balaenopterae, and also those
of the phoront cirriped Xenobalanus globicipitis, were
commonly identified (4, 5). Data were obtained from
records of striped dolphins stranded along the
Mediterranean central coast of Spain from 1981 to 2004
(n = 136) (5). In these dolphins, prevalence, intensity of
infestation, size and reproductive status of the
commensal barnacle Xenobalanus globicipitis and
Pennella balaenopterae were evaluated (Table 1).
Results indicated that a significant increase of
prevalence had occurred in the epizootic dolphin sample
(n= 62), compared with the pre-epizootic (n = 12) and
post-epizootic (n = 62) samples. A significant association
between X. globicipitis and P. balaenopterae was also
6
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Pre-epizootic (n= 12)
(June-December 1981-1989)
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Epizootic (n= 62)
(June-December 1990)

Post-epizootic (n= 62)
(June-December 1991-2004)

Pennella balaenopterae
Prevalence=25.0 %

Prevalence=40.3 %

Prevalence=12.9 %

V/M=9.6

V/M=17.7

V/M=18.8

K could not be calculated

k=0.17

k=0.028

Median intensity=4

Median intensity=2

Median intensity=15

Xenobalanus globicipitis
Prevalence=33.3 %

Prevalence=58.1 %

Prevalence=30.6%

V/M=31.7

V/M=22.0

V/M=72.3

k=0.109

k=0.27

k=0.073

Median intensity=6

Median intensity=6

Median intensity=10

n=number of dolphins in each sample, V/M=variance to mean ratio, k=parameter of negative binomial
distribution (Aznar et al., 2005).
Table 1. Infestation parameters of the mesoparasitic copepod Pennella balaenopterae and the phoront barnacle Xenobalanus
globicipitis in striped dolphins (Stenella coeruleoalba) stranded along the Mediterranean coast of Spain in the period 19812004. Dolphins are divided into 3 groups, i.e. those that suffered a viral epizootic disease in 1990, and those stranded before
and after this event. A significant change of prevalence of both species was observed during the epizootic event.

In particular, granulomatous or purulent inflammatory
responses observed around chitinous remnants of the
parasites are occasionally accompanied by opportunistic
fungal and bacterial pathogens (22). During the
development and growth of P. balaenopterae, the host
immune system appears to allow for parasite survival.
However, it remains to be established how the dolphin’s
immune system reacts to infestation and the parasite’s
fast growth rate. These factors may be important aspects
that influence the outcome of the disease.
Detrimental changes in the immuno-physiological
properties of marine mammals caused by environmental
contaminants and the subsequent inefficient immune
responses to pathogens have been demonstrated using

assays for molecular biomarkers and clinical chemical
parameters as well as other laboratory-based methods (6,
18, 20, 34). Inefficient immune responses caused by
substantial depletion of lymphoid tissue have been observed in striped dolphins, bottlenose dolphins (Tursiops
truncatus) and Risso's dolphins (Grampus griseus) with
P. balaenopterae infestation (13). Such lymphoid
depletion might be related to reduced production of
cytokines, which are important for both innate and adaptive immunity. Cytokines such as IL-1, IL-2, IL-4, IL-7,
and IL-9 are responsible for the proliferation and
differentiation of T-cells, B-cells, and macrophages,
which are involved in acquired immunity. IL-3,
granulocyte macrophage colony-stimulating factor,
7
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encounters are a common occurrence during these
expeditions. Some of these organizations are willing to
volunteer and consequently collaborate with local
scientists to report any sighting of Pennella on the
dolphins they encounter. Data obtained by these
collaborations with community-based organizations will
help to establish the prevalence of P. balaenopterae in
local dolphin populations.
In addition to the immunodeficiency caused by
pollutants and morbillivirus, another possible suggested
explanation for the increased P. balaenopterae infection
rate is that sickness-induced lethargy may have impaired
breaching or fast movements that would normally have
shaken off the parasites (4). Abnormal lack of energy is
frequently associated with illnesses. Consequently,
behaviours that allow infestation of a large number of P.
balaenopterae on the host are clearly an indicator of
compromised health.
The presence of a visibly high number of skin
parasites and diseases is a useful signal for a preliminary
health appraisal of wild free-ranging dolphins.
Monitoring the skin health of cetaceans using
photographic identification is feasible, effective, and non
-invasive, despite concerns associated with partial body
exposure, which could impair complete skin evaluation
(7). This concern is dependent on breaching behaviors,
where, for some, full body assessments may be done if
breaching is significant as shown in Figure 4. Visual
surveillance of skin diseases during assessment of
cetacean health is of particular relevance, considering

and IL-5 are involved in the proliferation and
differentiation of neutrophils, eosinophils, macrophages,
and mast cells, which are implicated in innate immunity
(33). As cetaceans share common characteristics in the
structure, and possibly function, of cytokines with those
of other mammals, cetacean exposure to pollutants
probably has the same debilitating effect on cytokine
production and function as observed in other mammalian
species, consequently exerting a negative influence on
the immune reaction to any pathogen (6, 32, 33). Severe
P. balaenopterae infestation (Figure 3a, 3b) can lead to
the death of dolphins due to malnourishment, toxicity
caused by tissue necrosis or secondary infections at the
site of parasite invasion (32). Morbillivirus-infected,
pollutant-immunosuppressed, and heavily
Pennella-infested dolphins predictably have a very small
chance of survival, as evidenced by the dolphins
stranded along the Mediterranean coasts between 1990
and 1991 (2, 5, 11, 13).
Worldwide anthropogenic contaminants are
reaching threshold levels, leading to immunosuppression
in marine mammals. In Atlantic bottlenose dolphins off
the coast of Charleston, South Carolina, USA, chronic
exposure to high levels of perfluoroalkyl compounds
(PFCs) has caused changes in immunological parameters
for both innate and adaptive immunity (17, 18). Visible
skin diseases, such as lobomycosis, have been reported
to be at epidemic proportions in Atlantic Ocean coastal
waters, particularly among dolphins in the Indian River
Lagoon of Florida. Localization of the disease to the
southern portion of the lagoon indicated that exposure to
environmental stressors could be responsible for the high
prevalence of the disease (26). While there are no
published reports of P. balaenopterae infestation in
dolphins inhabiting the coastal waters of the Indian
River Lagoon and Charleston, South Carolina, these
populations of free-ranging dolphins are susceptible to
morbillivirus infection like the dolphin populations of
the Mediterranean Sea (3, 27). Further investigation of
the presence of P. balaenopterae in Atlantic Ocean
coastal waters is needed to understand the life cycle,
ecology, and dynamics of this puzzling parasite, and its
relation to pollutants and viral infections.
Lack of scientific data is most often attributed to
absence of financial resources. However, in Charleston,
South Carolina, several nature-based organizations
provide coastal expeditions for tourists. Dolphin

Figure 4: Risso’s dolphin, Grampus griseus from the Western
Mediterranean showing that even ventral surface parasites can be
identified with breaching behaviors. Reproduced with permission.
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the fact that marine mammals are representative
sentinels of the health of oceans (8).

2.

Conclusion
The presence of a large number of epizootic
parasites or mesoparasites such as P. balaenopterae on
dolphins is a possible indicator of biological or
environmental changes in their ecosystem, which are
affecting the dolphins’ immune responses. The body
structure and the typical dorsal or lateral location of P.
balaenopterae are ideal for photographic identification.
To the viewer, the parasite appears as a tag or filament
hanging on the dolphin’s skin. Under normal
circumstances, infestation is limited to only a few
individuals per host. However, an increased number of
P. balaenopterae could serve as a marker for other more
serious health issues such as an imbalanced immune
system and secondary infections at the site of parasitosis,
as shown by events documented during the 1990 dolphin
morbillivirus outbreak in the Mediterranean Sea.
In conclusion, increased parasitosis of P.
balaenopterae represents a significant visible indicator
of dolphin health status. Consequently, the presence of
this parasite should be monitored widely, notably in
areas where dolphin populations have been exposed to
toxic compounds and morbillivirus outbreaks, such as
areas surrounding the Southeast US coast and, in
particular, the coastal waters of South Carolina.
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